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mRNA was isolated from the thoracic aortas of 16-day 
chick embryos and used to synthesize blunt-ended het­
eroduplex molecules consisting of one strand of mRNA 
and one of cDNA using AMV reverse transcriptase and 
SI nuclease. The duplexes were tailed with dCTP and 
hybridized to the plasmid pBR322 which had been re­
stricted with Pst I and tailed with dGTP. Recombinant 
plasmids were used to transform E. coli C600 and colo­
nies containing elastin cDNA were selected by in situ 
hybridization with :12p labeled elastin mRNA and by 
hybrid selected translation using the nuclease-treated 
reticulocyte lysate system. mRNA recovered from hy­
bridization to DNA of one clone, pWBl, markedly stim­
ulated incorporation of rlH]valine into a protein which 
was immunoprecipitable with elastin-specific antibody 
and had a molecular weight of 72,000, characteristic of 
tropoelastin. The 230 bp insert of pWBI was sequenced 
by the technique of Maxam and Gilbert and found to be 
derived from a nontranslated region of the :3' end of the 
mRNA. Nick-translated pWBI was used to identify and 
to estimate the relative amounts of elastin mRNA in the 
developing chick embryo aorta by blot hybridization. A 
single mRNA species of 3.5 kb hybridized to the pWBI 
probe and this species increased greatly in amount be­
tween day 7 and day 14. This increase was paralleled by 
an increase in translatable elastin mRNA and by the rate 
of elastin synthesis of aortas from various age embryos 
incubated in vivo. The injection of 150 ftg of hydrocorti­
sone 21-phosphate into 8-day eggs produced a significant 
increase in both the relative rate of tropoelastin synthe­
sized by the isolated aortas and the relative amount of 
elastin mRNA. These results suggest that the observed 
changes in elastin synthesis during development and 
after hydrocortisone administration are governed by the 
elastin mRNA content of the aortas. 
The connective tissue protein elastin is largely responsible 
for maintaining the elasticity of major blood vessPls, lung tissue 
and the dermis. Within the mature elastin fibers, the individual 
polypeptide chains are covalentIy connected by crosslinkages 
derived from the oxidation of lysine residues [1-5]. A polypep­
tide, designated tropoelastin, with a molecular weight of about 
72,000 appears to be a soluble intermediate in the biosynthesis 
of the insoluble elastin fiber [6-15]. The developing chick aorta 
is a good system to investigate the control of elastin synthesis 
since microscopic observations and biochemical analysis indi­
cate that elastin biosynthesis follows a characteristic pattern 
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during embryogenesis. During the first 6 days of development, 
the aorta appears to be composed of a homogeneous population 
of rounded cells and elastin fibers cannot be detected defini­
tively by specific histologic staining techniques or ultrastruc­
tural studies. After day 7 or 8 of development, however, the cell 
population appears more heterogeneous, smooth muscle cells 
become evident, and elastin fibers become readily discernible 
in the extracellular matrix [16]. From day 8 to 16 of develop­
ment, the rate of tropoelastin synthesis in the aorta increases 
dramatically and intercellular elastin fibers increase in both 
number and size [17]. This characteristic pattern can be altered 
by administration of hydrocortisone in ovo at day 8 of devel­
opmentso that tht� relative rate of tropoelastin synthesis in the 
9-day embryo becomes similar to that of a 1:�-16 day embryo 
[ l 7J . 
Recent evidence from several developmental and hormonally 
induced systems has demonstrated changes in the synthesis of 
specific proteins which closely parallel changes in the abun­
dance of their respective mRNAs [1 8-20]. In order to investi­
gate the biochemical mechanisms involved in the rise in tro­
poelastin synthesis during embryogenesis or following hydro­
cortisone administration, we have constructed a chick elastin 
cDNA clone [21] which has been used to identify and to 
estimate the relative amounts of elastin mRNA in the devel­
oping chick aorta by blot hybridization. A single mRNA species 
of 3.5 kb hybridized to the cDNA probe and this species 
increased greatly between day 7 and day 14. These levels were 
compared to functional elastin mRNA measured by translation 
in a rabbit reticulocyte translation system and to the rate of 
elastin synthesis in freshly isolated aortas of various ages incu­
bated in vitro. The results reveal that the increase in elastin 
mRNA measured by blot hybridization was paralleled by an 
increase in functional mRNA as measured by in vitro transla­
tion and by tropoelastin synthesis in the incubated aortas. The 
close agreement between these values demonstrate that the 
changes in elastin synthesis seen duirng development are gov­
erned by the elastin mRNA content of the aorta. 
MA TERIALS AND METHODS 
Materials 
Oligo(dTl-celiulose (Type III) was purchased from Collaborative 
Hesearch and r'H1vaiine from New England Nuclear. Heagents for 
polyacrylamide gels were from Eastman Kodak while the reagents 
added to the reticulocyte lysate translation system and the protease 
inhibitors were from Sigma. Restriction enzymes and ultrapure guani­
dine . Hel were from Bethesda Research Laboratories. All other 
chemicals were reagent grade_ 
Incubation of Aortas and A.nalysis of Labeled Proteins 
Thoracic aortas were isolated from H- to 16-day-old chick embryos 
as previously described [91, and the aortas were slit longitudinally to 
blcilitate diffusion through the tissue during the incubation. The aortas 
were washed in warm Krebs-Hinger and incubated in the same medium 
containing 2'X fetal calf serum, 50 fIg/ml ascorbate, 100 flg/ml [:I-ami­
noproprionitrile for 15 min at :l70 in a shaking water bath. ['H1valint' 
was then added and the incubation continued for:30 min. At the end of 
the incubation, the medium was removed and the aortas were homog­
enized with a glass-Teflon homogenizer in ice cold 0.01 M sodium 
phosphate buffer, pH 7.4 containing 4 mM EDTA and 20 IJg/ml phen­
ylmethylsulfonyl fluoride. Sodium dodecyl sulfate and mercaptoethanol 
1:38s 
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were added to a final concentration of l'!r SDS and 0.1 '!r mercaptoeth­
anol. After dialysis, the homogenates were cen trifuged to remove in­
soluble matter and aliquots of the solubilized, labeled proteins in the 
supernatant were counted in a scintillation counter. The insoluble 
residue was hydrolyzed and also counted. The solubilization procedure 
extracted approximately 90'i( of the labeled proteins. Aliquots of the 
proteins solubilized by tbe SDS were subjected to 5% polyacrylamide 
gel electrophoresis as previously described [9]. 
In order to prepare labeled proteins for testing with specific antibody, 
some incubated aortas were homogenized in a 2 ml solution containing 
the following reagents: [8 deoxycholate, 5';; Triton X-IOO, 70 mM N­
ethylmaleimide, 175 I'g/ml toluene sulfonylphenylalanyl chloromethyl 
ketone, 175 I'g/ml tosyllysyl chloromethyl ketone, 35 I'g/ml phenyl­
methylsulfonyl fluoride, 70 mM E-aminocaproic acid, 14 mM EDTA, 100 
I'g/ml {J-aminopropionitrile. The homogenized aortas were extracted 
for 24 h at 4 0, the homogenate was centrifuged at 10,000 XfJ for 45 min 
and the supernatant dialyzed against 20 mM ,,-aminocaproic acid, I'; 
Triton X-IOO, O.E:; deoxycholate. The residues were dialyzed and 
hydrolyzed. This procedures also extracted greater than 90'!. of the 
labeled proteins as did the extraction with SDS, but this second method 
was necessary in order to obtain labeled immunoreactive proteins. 
[sulation ofmRNA 
Aortas were dissected from various age chick embryos and the 
number used in each batch varied with age, ranging from 200 in the 7-
day chick embryos to [00 with the Hi-day embryos. Loose connective 
tissue was removed, the aortas were cut along t heir long axes, rinsed in 
cold Krebs medium to remove blood and placed immediately in liquid 
nitrogen. The RNA was then isolated by a modification of the procedure 
of Adams et al [22]. Briefly, the aortas were homogenized in 8 M 
guanidine. HCI containing 10 mM dithiothreitol, 0.5 vol of ethanol was 
added and the RNA recovered by precipitation overnite at -20°. The 
HNA was redissolved in 0.01 M Tris . HC1, pH 7.5, containing IC; 
sodium dodecyl sulfate, I mM EDTA and deproteinized by extraction 
with phenol: chloroform: isoamyl alcohol, 5:5 :0.2 (vol/vol). After pre­
cipitation of the RNA from the aqueous phase with 2 volumes of 
ethanol, it was stored under ethanol at -200• Polyadenylated RNA of 
some samples was isolated by chromatography on oligo (dT)-celiulose 
[2:1,24]. 
Translation of mRNA 
The nuclease-treated rabbit reticulocyte system was used to t ranslate 
the mHNA as described in detail previously [2:1,25]. At the end of the 
incubation, aliquots of the reaction mixtures were taken for total 
incorporation as measured by precipitability in cold 5(; trichloroacetic 
acid and for immunoprecipitation with affinity-purified, elastin-specific 
antibody [231. 
Injcction of Hydrocortisonc·21·Phosphate into f:ggs 
Eggs were rinsed with 95(; ethanol and the shell was pierced with a 
sterile 25 gauge needle. From :1 to :lOO I'g of hydrocortisone-21-phos­
phate dissolved in 0.1 ml of sterile phosphate buffered saline was given 
as a single injection onto the chorioallantoic membrane 24 hr prior to 
dissection. Control eggs were injected at the same time with 0.1 ml 
sterile phosphate buffered saline. After removal from the embryos, the 
aortas were incubated and mRNA isolated as described above. 
Construction of Rccomhinant Plasmid containing Elastin cDNA 
1'0Iy ( A+) mHNA recovered by chromatography on oligo(dT)-cellu­
lose was used as a template for th e  syntbesis of cDN A by AMV reverse 
transcriptase (a gift from .J. Beard) essentially using the procedure 
described by Schibler, Marcu, and Perry [261. After incubation for [ hr 
at 42°, protein was extracted with phenol-chloroform (1 :1 ) and the 
cDNA:mRNA hybrid recovered by passage througb I X 10 cm Sepha­
dex G-75 column. Afte r treatment with SI nuclease , the cDNA:mRNA 
hvbrid was tailed with dCTP and plasmid pBH:1:22 which had been cut 
�ith Pst I was tailed with dGTP under conditions which resulted in 
complementary homopolymer tails approximately 10 nucleotides long. 
Equimolar amounts of plasmid and cDNA:mRNA duplexes were mixed 
at a final concentration of [I'g/ml total DNA and the molecules 
annealed by slowly cooling the solution from 65° to room temperature. 
Transformation of K coli C600 
The K coli were grown in 100 ml L broth until the absorbance at 
550 nm was 0.:3. The cells were centrifuged at :1,000 g for 15 min, 
resuspended in wash buffer (40 mM CaCl" 10 mM RbCl" 10 mM 
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morpholinopropanesulfonic acid, pH 6.5) and centrifuged again. The 
wash step was repeated and the cells were finally suspended in 10 ml of 
wash buffer. One-tenth I'g of plasmid was added to 200 1'1 of cells and 
placed in ice for 20 min. Then the cells were heat shocked (4:2° for 5 
min), spun down and resuspended in 50 1'1 of L broth. The cells were 
incubated for 2 hI' at 37°, then spread on agar plates containing 5l'g/ml 
tetracycline. 
ScreeninfJ of Transformed Colonies 
Ampicillin-sensitive and tetracycline-resistant colonies were 
screened by the colony hybridization method of Gruenstein and Hog­
ness [27], using RNA which had been enriched for elastin mHNA by 
sucrose-density centrifugation and which had been labeled using [y­
"p]ATP and 1'4 polynucleotide kinase. Hybridization was carried out 
overnight at 42° in 70'* formamide, 0.4 M NaCI. Colonies whicb hybrid­
ized moderately well were screened further by the hybrid select ion 
technique essentially as described by Meyuhas and Perry [:28]. Plasmid 
DNA isolated from the colonies by CsCI equilibrium centrifugation 
was restricted with Hinf I and covalently bound to DBM paper as 
described by Alwine et al. [29]. The papers were incubaled for [ br at 
42° in prehybridization solution (50(i( formamide, 0.4 M NaCI, :20 mM 
PIPES pH 6.8, O.2'!r SDS, I mg/ml tRNA and 50 I'g/ml poly A). 
Hybridization was carried out for 24 hrs at 42° in 100 1'1 of the same 
solution plus 10 mM Vanadyl ribonucleoside complex (BHL) and :31'g 
mHNA. The papers were then incubat ed for :30 min at 4:2° in a 
poslhybridization solution (prehybridization solution plus I mM I<;DTA 
and without tRNA or poly A). They were then washed twice with 0.:2 
M NaCl, 10 mM PIPES pH fi.8, 0.:2'; SDS, I mM EDTA, and then 
incubated for I hr in the posthybridization solution. The hybr idized 
mHNA was eluted in 200 1'1 of 95'X formamide, O.2'} SDS, 10 mM PIPI<;S 
pH 6.8 at 68° for :3 min. The elution step was repeated and the eluates 
were pooled. Twenty I'g of yeast tRNA was added. The eluatl' was 
made 0.2 M with NaCI, and the RNA was precipitated with [ ml of 
ethanol. The pellet was dissolved in 0.2 M NaCl, re-precipitated, and 
the last traces of ethanol were removed by evaporation in a vacuum. 
DNA Sequencing 
The primary sequence of the elastin cDNA insert in the recombinant 
plasmid pWBI was determined essentially by the method of Maxam 
and Gilbert [:301 and the strategy is described in Fig 8. Fragments to be 
sequenced were labeled at the 5' end of Hinf I and Ava II sites within 
the insert with [y_'Op IA 1'1' and polynucleotide kinase as described by 
Brown et al [:Jl]. Labeling at a single 5' end was accomplished eit her by 
strand separation or by cult ing the fragment wit h a second restriction 
endonuclease. The fragments were separated by electropboresis in 
vertical 5'.\, polyacrylamide gels and recovered by electroelution. The 
G-, Co, and pyrimidine-specific reactions were carried out exactly ac­
cording to the procedure of Maxam and Gilbert [241. The purine specific 
reaction followed their procedure except that the incubation in p.vridin­
ium formate was carried out at :37° for :JO-45 min (instead of till' 
recommended 20° for fiO min). In addition to these 4 react ions . a '1'­
specific reaction was carried out following the procedure of Rubin and 
Schmid [:32]. lO'Ji and 15'{ polyacrylamide gels (20 X 40 X 0.5 mml 
were prepared and run according to Maxam and Gilbert. Gels were 
aut oradiograph ed overnight at _70° with an intensifying sneen. 
Nick· Tralls/ation and Riot Hyhridizatioll 
pWB I was labeled with [o-"PldCTP and [n-"I']dGTP to a specific 
activity of [.:] X Itt cpml!;g of DNA using the kit supplied b:v Betbesda 
Research Laboratories. RNA was electrophoresed on horizontal 1.1', 
agarose gels after treatment with I M freshly deionized glyoxal, tmns­
ferred to nitrocellulose filters and hybridized to [()' cpm of t he probe 
for 24 hI' as described by Tbomas [:3:n After wash ing, the blots were 
exposed to x-ray film at _70° using an intens ifving screen. IknsitomL'lel' 
tracings of the film were made on graph paper using a .)o,'l'e Loebl 
densitometer and tbp areas measured. 
HESULTS 
Incorporation of I'H1Vaiinc into Protein in the DCl'cloping 
Aorta 
The thoracic aorta of the chick embryo is a rapidly growing 
and differentiating structure. We have previously shown, using 
r"H Jglycine as a label, that the relative rate of elastin synthesis 
to collagen synthesis increases markedly during this develop­
mental period from day 8 to day 16 [17]. In order to foclls on 
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the substantial increase in elastin synthesis and to correlate the 
changes in synthesis with elastin ml:{NA content (see below), 
aortas from ' various age embryos were incubated with [",H] 
valine. This amino acid was chosen because it occurs in large 
amounts in elastin relative to other proteins and in addition is 
incorporated efficiently into protein in the reticu locyte lysate 
svstem used to assay for functional ml:{N A. The aortas were 
i�cubated for 30 mi� in medium containing j3-aminoproprioni­
trile so that very little crosslink formation could take place. 
After incubatio�, the aortas were extracted into a hot SDS 
solution and the solubilized proteins, insoluble residue, and 
medium from the incubation were dialyzed . The residue was 
hydrolyzed and counted along with the SDS soluble fraction 
and dialvzed medium. The results of these experiments showed 
that gr�ater than 90% of the incorporated radioactivity was 
found in the SDS extract of the aortas, and thus further studies 
were confined to this fraction. 
These SDS-solubilized, labeled proteins were subjected to 
polyacrylamide gel electrophoresis and representative patterns 
from different age embryos are illustrated in Fig 1. By inspec­
tion of Fig 1, it is clear that as the embryo ages a progressively 
increasing fraction of the incorporated radioactivity is found in 
a 72,000 dalton peak. We believe this 72,000 molecular weight 
component to be largely tropoelastin because of its molecular 
weight, solubility in water/alcohol mixtures and labeling pat­
tern with various amino acids [9-14]. However, it is possible 
that other proteins of similar molecular weight may be present 
in different age embryos. Therefore, extracted labeled proteins 
were tested with affinity-purified, elastin-specific antibody and 
the immunoprecipitated protein was subjected to polyacryl­
amide electrophoresis . A typical result using labeled protein 
from 13-day aortas is depicted in Fig 2B. Results from other 
age embryos (not shown) were very similar. With samples from 
all ages, the antibody precipitated proteins largely in the 72,000 
dalton region with a much smaller amount of lower molecular 
weight polypeptides which may be derived from proteolysis of 
tropoelastin. In every case, approximately 90% of the 72,000 
dalton labeled protein was immunoprecipitated; therefore, to a 
good approximation we can identify this component with tro­
poelastin. The fraction of the total radioactivity in tropoelastin 
can be quantitated by summing the radioactivity found in the 
peak of the gel and expressing the values as a percentage of the 
total radioactivity recovered in the gel (Fig 3). In the 8-day 
aorta, 21% of th� incorporated CH]valine was found in this 
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FIG I. Polyacrylamide gel electrophoresis of labeled proteins ex­
tracted from embryonic aortas. Aortas from different age embryos were 
incuhated with [lH Jvaline as described in Materials and Methods and 
the labeled proteins were extracted and subjected to polyacrylamide 
electrophoresis. The gels were fractionated and counted. The marker 
protein, hovine serum albumin ((i1l,OOO daltons) was located at fractions 
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peak. Thereafter the value increased significantly, reaching 350/, 
at day 13 and 43% at day 16. 
Assay of Functional Elastin mRNA 
We wished to determine whether the progressive increase in 
elastin synthesis observed as the embryo develops was paral­
leled by an increase in functional elastin mRNA. We used the 
nuclease-treated rabbit reticulocyte lysate as our assay system 
[23-25]. mRNA was translated by incubation in the lysate with 
CH]valine and elastin-related protein was immunoprecipitated 
with the elastin-specific antibody. The immunoprecipitates 
were dissolved and subjected to polyacrylamide gel electropho­
resis (Fig 2A). As was found with the labeled protein from the 
whole aortas, the protein in the immunoprecipitates was largely 
in the 72,000 dalton tropoelastin peak with a smaller quantity 
of lower molecular weight polypeptides. Incorporation into 
elastin was, therefore, estimated by immunoprecipitation and 
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FIG 2. Gel electrophoresis of ["Hlvaline-Iabeled protein immunopre­
cipitated hy elastin-specific antibody. (A), m HNA from I:J-day embry­
onic aortas was translated as described in Materials and Methods and 
that incorporated radioactivity immunoprecipitable by elastin-specific 
antibody was subjected to polyacrylamide electrophoresis . (B), aortas 
from I :3-day embryos were incubated with f'H]valine, and the extracted 
labeled protein which was immunoprecipitable with the elastin-specific 
antibody was subjected to electrophoresis. Marker bovine serum albu­
min (61l,OOO daltons) was located at fractions 23-24. 
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FIG :3. Incorporation of ['Hlvaline into tropoelastin in comparison 
to total incorporation. Different age aortas were incubated with ["Hl 
valine. The labeled proteins were subjected to polyacrylamide gel 
electrophoresis and the fraction of the radioactivity found in tropoelas­
t in was calculated. 
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total incorporation by precipitation with trichlorocetic acid . 
Figure 4 summarizes the results of these experiments. Total 
incorporated per p,g RNA increased slightly between day 7 and 
day 9 and thereafter remained relatively constant. In contrast, 
radioactivity in elastin increased sharply from 400 cpm per p,g 
of 7-day RNA to 4100 cpm per p,g of 14-day RNA, and then 
increased more gradually to 4300 cpm with 16-day RNA. 
Effect of Hydrocortisone 
We have previously observed that injection of hydro corti­
sone-21-phosphate into 8-day eggs appeared to stimulate elastin 
synthesis and that 1 50 p,g produced a maximal response [17]. In 
order to investigate further this finding, aortas form treated 
embryos were incubated with ['H]valine as described above 
and the mRNA was isolated and translated. As found previously 
with ['H]glycine, hydrocortisone produced an increase in the 
fraction of incorporated label which was found in tropoelastin. 
This fraction increased from 29% in the control to 37% in the 
treated embryos (Table I). When the mRNA from the treated 
embryos was translated, there was a corresponding increase in 
the fraction which was immunoprecipitable with the elastin­
specific antibody. The value was 29% with the mRNA from the 
control 9-day embryos and 41% with the mRNA from the 
treated embryos (Table I ) .  
Construction of Elastin cDNA Clone 
In order to provide an independent means of estimating the 
relative physical amounts of elastin mRNA and to characterize 
the mRNA further, a recombinant clone containing elastin 
cDNA sequences was constructed. Figure 5 illustrates the strat­
egy used in the construction of the recombinant plasmids, the 
experimental details of which are given in the Materials and 
Methods Section. The recombinant plasmids were used to 
transform E. coli C600. Tetracycline-resistant, ampicillin-sen­
sitive colonies were screened by the method of Grunstein and 
Hogness [27], using a hybridization probe prepared by end­
labeling partially hydrolyzed mRNA enriched for elastin 
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FIG 4. Translation and blot hybridization of RNA isolated from 
chick embryo aortas. Total RNA isolated from aortas of different age 
chick embryos was translated using the nuclease-treated reticulocyte 
lysate system as previously described in detail [19,231 and in Material 
and Methods. 20 (1g of RNA was used in each 125 (11 reaction mixture 
which was incubated for 1 hr at 26°. Total incorporation (0-0-0) was 
measured by TCA precipitability and incorporation into elastin by 
precipitation with elastin-specific antibody (e-e-e). The data is ex­
pressed as incorporation per (1g of RNA. The average of duplicate 
determinations, which agreed within 5'7, are presented. Aliquots of the 
same RNA preparations were subject to electrophoresis and blot hy­
bridization as described in Fig 11 and Material and Methods and the 
autoradiograms scanned using a .Joyce Loebl densitometer. The areas 
under the curves were normalized to the maximal value which was 
obtained with the RNA from the 16-day embryos (6-6-6). 
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mRNA with'"P. Three colonies gave a moderately strong signal 
and were chosen for further screening. Forty !lg of plasmid 
DNA from each colony was cut with Hinf I and bound to DBM 
paper. Three!lg of aorta mRNA was incubated with each paper 
in 50% formamide, and the hybridized mRNA was recovered 
and translated in the nuclease-treated rabbit reticulocyte lysate. 
Representative results are contained in Table II. The starting 
TABLE I. Effect of hydrocortisone on tropoelas/in synthesis 
Sample 
Control 
Hydrocortisone-treated 
['HIValine i;l 
tropoelastin" 
29 
:37 
I P /'ITA" 
29 
41 
" Aortas from either control 9-day embryos or from those treated 24 
hr previously with 1 50 (1g of hydrocortisone-phospbate were incubated 
for :30 min with ['HJvaline as detailed in the Materials and Methods. 
The labeled proteins were subjected to polyacrylamide gel electropho­
resis and the fraction of the incorporated radioactivity found in tropoe­
lastin was determined. The averages of duplicate determinations are 
shown. 
h mRNA was isolated from 150 aortas of either control or hydrocor­
tisone-treated embryos and then translated in the reticulocyte lysate 
system. The ratio of immunoprecipitable (lP) to total TCA precipitable 
incorporation was determined. The averages of quadruplicate deter­
minations are shown. 
----AAA4··· 
mRNA 
1 RPterse TrOMCTiptose 
ollQO (dT) 
----AAAA··· 
�TTT 
--AAA 
\N'IN'IN TTT 
1 :��p 
--AAACCCC'" 
" 'CCCC�TTT 
---- CAGCr 
lCGAC ----1 ;��p 
---- CAGCTGGG·· . 
" 'G GGrCGAC ----
Anneal 
Transform E Coli e600 
O Screen colon .. , by � � hybtldization and hybnd selected translation 
Construction of recomblnont plasm ids 
FIG 5. Procedure for the construction of recombinant plasmids. 
Details of the protocol used to construct recombinant plasm ids from 
aortic mRNA are given in the Materials and Methods section. TdT 
stands for terminal deoxytransferase. 
TABLE II. Translation of hyhrid·selected mRNA" 
Addition TeA Elastin Fradion precipitahle in elastin 
epm X 10 "pm X 10 .' , 
Control mRNA" 789.2 229.9 29 
pBR322 5.7 0.1 2 
pWBl 20.8 20.1 97 
pWBI3 0 0 
pWB14 9.0 0.2 2 
u Each 125 (11 reaction mixture was incubated at 26° for 1 hr as 
described previously [2:n Elastin was recovered by immunoprecipita­
tion. The values represent 2 separate hybrid-selected mHNA isolations 
and translations for each clone in which the fraction of the total 
incorporation which was immunoprecipitable agreed within 2';1, i.e. 29'; 
± 2'1,. Blank values (no mRNA addition) of 12,600 cpm for the total 
TeA precipitable and :35 cpm for the immunoprecipitable elastin have 
been subtracted from the experimental values. 
/, Carried through the hydridization procedure in formamide and 
recovered by alcohol precipitation. 
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FIG G. Polyacrylamide gel electrophoresis of elastin immunoprecip­
itat.es. The elastin immunoprecipitates from a 1 hI' incubation of the 
cell-free translation system at 20° containing either (A) control aorta 
ml{NA or (8) mHNA recovered Ii'om hybridization with pWB1 DNA 
were dissolved and subject to polyacrylamide gel electrophoresis in 
S[)S. The marker protein serum albumin ((i8,000 daltons) was located 
at fraction 22. 
control mRNA, which was simply precipitated from formamide 
and translated, actively stimulated total ['H]valine incorpora­
tion into prot.ein, of which about 30'X was immunoprecipitable 
with the affinity-purified elastin-specific antibody . mRNA re­
covered from hybridization to one clone, pWB 1 , significantly 
stimulated incorporation into acid precipit.able protein. Fur­
thermore, over 95(;;: of this labeled protein was immunoprecip­
itable with the elastin-specific antibody . 
In order to characterize the immunoprecipitated prot.ein fur­
ther, it was subjected to electrophoresis on polyacrylamide gels 
in sodium dodecyl sulfate (Fig 6). When aorta mRNA which 
has been carried through the hybridization procedure and then 
precipitat.ed was used in the translation system, the majority of 
the immunoprecipitated protein migrated as a 72,000 dalton 
peak charaeteristic of tropoelastin . A smaller amount of label 
was contained in lower molecular weight material, presumably 
shortened elastin pepbdes resulting from either incomplete 
synthesis or partial degradation. The immunoprecipitated pro­
tein synthesized in response to mRNA recovered from hybrid­
ization with p WB 1 yielded a similar electrophoretic pattern 
with a somewhat larger fraetion of the material in lower molec­
ular weight peptides . This may have resulted from partial 
degradation of the mHNA due to the stringent conditions 
necessary for elution of the mRNA from the DNA. These 
results firmly establish the relationship to elastin of the recom­
binant fragment in this plasmid . Too few counts were recovered 
in any of the other immunoprecipitates to characterize them 
further. 
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Restriction Analysis and Sequencing of Elastin eDNA 
Plasmid p WB I was characterized by restriction enzyme anal­
ysis. The insert fragment was not released upon restriction with 
Pst I, so that the resulting linear plasmid migrated more slowly 
on 1 % agarose gels than did the parent plasmid pBR:l22 (gel 
not shown). The size of the insert was determined by digesting 
the plasmid with Pst I and Bgl I and electrophoresing the 
fragments on 5% polyacrylamide gels. As seen in Fig 7, the 125 
bp fragment found in pBR322 has been replaced by a 360 bp 
fragment in pWBl. Thus the insert is approximately 235 bases. 
In order to characterize the insert further, the fragments re­
sulting from Hinf I digestion were also separated on a 5'k 
polyacrylamide gels. As seen in Fig 7, there are 2 differences 
between pBR322 and pWBI. First the 1.6 kb fi'agment of 
pBR322 has been reduced to approximately 1.5 kb and second, 
a new 300 bp fragment is seen. This result indicates the presence 
of a Hinf I site within the insert approximately 190 nudeotides 
FI(: 7. Digestion with restriction endonucleases followed by electro­
phmesis in 5'{· poJyacl'ylamide gels. ], Hinf I digest of pBI{;J22 ; 2, Hinf 
I digest of pWB I; 3, Pst I and Bgl I digest of pBH:122; 4, Pst I and Bgl 
I digest of pWB I I; 5, Hae III digest of (�x 174 with fragments of J:JGJ, 
1078,872, fiOJ, ;110, 281, 271, 2:14, 194, 118,72 hases (281,271 run as a 
doublet). 
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from the remaining Pst I site. Further testing revealed the 
presence of 2 A va II sites within the insert and from these 
analyses sites suitable for end-labeling and nucleotide sequenc­
ing by the method of Maxam and Gilbert were identified [ :30] . 
Figure 8 presents a restriction map as well as the strategy used 
for sequencing. Figure 9 displays the nucleotide sequence of the 
eDNA strand corresponding to part of the elastin mRNA. Near 
the poly-A tail (bases 23- 18) ,  the commonly observed hexanu­
cleotide AATAAA can be seen while the 10 nucleotides imme­
diately adjacent to the poly-A tail show a 70% homology to a 
model sequence (5'-TTTTCACTGC-3') found in about half of 
all mRNAs sequenced to date [28] .  Near the 5' end of the insert, 
several repetitive sequences can be observed. If the nucleotides 
from base 182 to base 151  are divided into groups of 4 ,  the 
sequence AGGG appears 5 times, the sequence ACGG appears 
once, and the sequence AAGA appears twice. A longer repeti-
l ost  Pst  I H i n f  I A v a  IT Ava ][ Pst ! 
--------t-: -----+-1 : · 1 .1 
F I G  8. Hestriction map and sequencing strategy for the elastin 
c DNA insert in the plasmid pWE I .  Hestriction fragments of pWE I 
were 5' end-labeled with r y- '"Pl ATP using polynucleotide kinase and 
either cut with a second restriction enzyme or the strands separated 
and isolated by polyacrylamide electrophoresis. A Hinf I site was known 
to exist within the insert and was used as t.he starting point for 
sequencing . After labeling the appropriate Hinf I fragments , they were 
cut again with either Egl I (at an adjacent site in the parent plasmid ) 
or Pst I and su bjected to the base-specific reactions of Maxam and 
Gilbert r.301 and Hubin and Schmid [.32 ] .  The insert could be sequenced 
to the lost Pst I site in one direction and to an Ava II site in the other 
direction. The rest of the sequence was determined by cutting with Ava 
II, end-labelling, and either strand separating ( for the Ava II-Ava II 
fragment) or cutting again with Pst I .  The recovered fragments were 
subjected to the same sequencing procedure . 
P s t I  Mb o I I 
( CTGCA)G 1 4_ 1 STATGGGGGGGAGGGAGGGAGGGACGGAGGGAAGAAAGAAGGG 
1 90 
Ava I l  Ava I l  
GTCCCGGTGGCGGGGGACACCGCGGGGACACTGCCGGCCCGCGGAtCCCC  
1 5 0 
CCGGCCCCCTTCATGTTACTCACTTTGATATAACTGGGTGGGACGCCCTA 
1 00 
H i  n f I  
CGCAGTGTGAATCGAAGCCAACAGACTAA1AAAGGACAAGTTTTTAA1GG 
50 
l os t  
P s t I  
AAAAAAAAAAACCCCCCCCCCC( GCAG ) 
- 1  
FIG 9. Nucleotide sequence o f  the elastin c D N A insert of pWB l. 
Only (lne strand corresponding to tbe mHN A is presented and restric­
tion sites are indicated . The first nucleotide adjacent to the poly-A tail 
has been taken as res idue 1 for numbering purposes . The lengtb of the 
poly-G tail at the 5' end , which arose from the procedure used. to 
construct the clone , has not been accurately determined. 
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tive structure can be seen between base 138 and base 11 7. This 
sequence can be divided into two l l -nucleotide sequences 
(GGGGACAPyGC) which differ by only one nucleotide. What 
significance these repetitive structures have, if any, is not 
presently known. None of the reading frames correspond to any 
known sequences in chick or porcine tropoelastin and the nature 
of the repetitive nucleotide sequences suggests that the insert 
corresponds to the 3'-noncoding region of the mRNA. 
Identification and Estimation of Size of Elastin mRNA 
Polyadenylated RNA from aortas of 1 6-day chick embryos 
was isolated by a single passage through an oligo (dT) -cellulose 
column and subjected to electrophoresis on a 1 . 1% agarose gel 
after denaturation by treatment with 1 M glyoxal [3:3 ] .  Figure 
10 demonstrates that in addition to the contaminating ribo­
somal bands, a visible band was located at approximately 24 S 
as estimated by the 18 S and 28 S ribosomal RNAs in the 
preparation and the 1 6  S and 23 S bacterial ribosomal RN As in 
the adjacent lane.  In order to prove that the 24 S mRNA coded 
for elastin, 100 fLg of total RNA was subjected to electrophoresis 
in l . 1  % agarose gels containing 6 mM methylmercury hydroxide 
[34] .  After electrophoresis , the gel was soaked in 0.5 M ammo­
nium acetate for 30 min to remove methylmercury, the gel 
region corresponding to 24 S was cut out, and the mRNA was 
,A . ,8 c' 
2 8 5 
2 4 5  
2 3 5 
1 8 5 
l 6 5 
.FIG 10 .  Aga,rose ge l electrophoresis of HNA ,from Hi-day cbick e m ­
bryo aorta . HNA obtained from a single passage t brough a n  oligo ( d T ) ­
cellulose column was su bjected to electrophoresis in 1 . 1 '1, agarose after  
denaturation in 1 M freshly deionized glyoxal. After electrophoresis the 
HNA was stained with acridine orange ra:31 , Lane A, undenatured g 
coli ri boii\(mlal HNA (Sigma Chem ical Co. ) ,  Lane R, denatured K coli 
ribosomal HNA; Lane C, denatured aorta HNA. The 24 S e last in 
mHNA band is identified. 
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recovered by eledroelution and alcohol precipitation. It was 
necessary to use methylmercury since the reaction with HNA 
is reversible and we wished to translate the recovered mRNA. 
In our experience, although glyoxal treatment results in per­
manent loss of translation activity it leads to better resolution 
of the 24 S species from the ribosomal RNAs. Table III com­
pares the translation of the recovered 24 S mRNA and the total 
RNA preparation. The results demonstrate that a large fraction, 
close to 80%, of the labeled protein synthesized in response to 
the 24 S mRNA was immunoprecipitable with elastin specific 
antibody compared to 52% immunoprecipitable with the start­
ing RNA preparation. This data provides strong evidence that 
the 24 S species is largely elastin mRN A. 
Blot Hybridizatiun Using p WBi as Probe 
Plasmid pWBI was nick-translated with :!2p nucleotides to a 
specific activity of 1-:3 X 10" cpm per /Lg DNA and used to 
identify elastin mRNA by blot hybridization. Total RNA iso­
lated from aortas of 7 to 16 day-old embryos was analyzed 
because previous experiments had shown that elastin synthesis 
increased significantly between day 8 and day 14. The extent of 
hybridization was estimated by autoradiography and densitom­
etry of the film using a Joyce Loebl densitometer, care being 
taken to remain in the linear response range by varying the 
quantity of RNA which was electrophoresed and adjusting the 
film exposure time. Figure 1 1  illustrates an autoradiograph of 
a hybridization experiment in which the film was overexposed 
in order to visualize the barely detectable amount of hybridiz­
able mRN A from the 7 -day embryo. It is worthy of note that: 
( 1 )  a single band at 24 S is visualized in all 4 ages examined and 
(2) there is a dramatic increase in hybridizable elastin mRNA 
from day 7 to day 14. In order to compare the levels of 
hybridizable elastin mRNA in different age embryos, the high­
est level, which was found in the 16-day aortas, was set equal to 
100% and the other ages expressed relative to this value. These 
results are plotted in Fig 4 and demonstrate in a quantitative 
fashion the marked increase in the level of elastin mRN A which 
occurs between day 7 and day 14. We were unable to detect 
any higher molecular weight species even with prolonged ex­
posure, so we cannot comment on the nature of any precursor 
mRNA species. RNA was also isolated from 16-day old embry­
onic lever and tendon, but neither of these RNAs hybridized to 
pWBI DNA to a detectable extent (blots not shown). 
DISCUSSION 
The control of synthesis of extracellular matrix proteins is 
poorly understood. In the vast majority of other systems control 
is ultimately exercised through adjustment of the steady-state 
level of mRNA, probably largely through variation in the rate 
of transcription [ 18-20]. A similar regulatory mechanism ap­
pears to hold in the case of collagen synthesis in normal tendon 
fibroblasts in culture and in chick fibroblasts transformed with 
TARLE III. Translation of 24 S mRNA recovered from 
methylmercury agarose gels" 
Arlrlition TeA Precipitable 
.-- - -- - -
cpm x 10 " 
25 ng 24 S mRNA 14.4 
20 /lg Total RNA 149.3 
Elastin �'raction in elastin 
cpm x IW" % 
1 1 .4 79.2 
77.5 51 .9 
" Total RNA from aortas of 16-day chick embryos and 24 S mRNA 
were isolated as described in the text. Each 125 /ll reaction mixture 
containing nucleas-treated reticulocyte lysate and 5 /lCi ["H]valine was 
incubated at 26° for I hr under ionic conditions which were optimized 
for the synthesis of elastin as described previously [23]. Elastin was 
recovered by immunoprecipitation. The values represent duplicate 
determinations which agreed within 5%. Blank values (no mRNA 
addition) of 12,400 cpm for the total TCA precipitable and 400 cpm for 
the immunoprecipitable elastin have been subtracted from the experi­
mental values. 
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FIG 1 1 .  Blot hybridization of RNAs from aortas of different age 
chick embryos. 10 /lg of each RNA, isolated from aortas of chick 
embryos whose age is indicated in the figure, were subject to electro­
phoresis and transfer to a nitrocellulose fIlter as descyibed in Fig 1 0  
and Materials and Methods [33]. The fIlter was then hybridized t o  ""p­
labeled pWB I ,  and the filter washed and autoradiographed. 
Rous sarcoma virus. Here a good correlation has been observed 
between the rate of pro collagen synthesis and the corresponding 
mRNA level [22,35]. In order to investigate possible regulatory 
mechanisms in the synthesis of elastin, the relative rate of 
tropoelastin synthesis in the developing chick aorta was deter­
mined and the rates compared to the elastin mRN A levels. 
Synthesis was determined by comparing the amount of ["H] 
valine in the tropoelastin peak of SDS polyacrylamide gels to 
the total label in the gels. This method was chosen because of 
the rapidity with which any proteolytic degradation could be 
inhibited after the incubation of the aortas. The results dem­
onstrate that a rapid increase in the relative rate of tropoelastin 
synthesis occurs between day 8 and day 16 (Fig 3). There was 
a good correspondence between the relative amounts of func­
tional mRN A as measured in the translation system and the 
amounts measured by blot hybridization which suggests that 
no appreciable quantity of untranslated elastin mRN A is found 
in the aorta during development. These results measuring the 
relative amounts of mRNA parallel the increase in elastin 
synthesis as measured by incubation of aortas from different 
July 1982 
age embryos. Taken together these findings suggest that the 
change in synthesis during development is largely controlled by 
the elastin mRNA content of the aortas. How the steady-state 
levels of mRNA for elastin and other extracellular matrix 
proteins are regulated is unknown at present. 
Glucocorticoids have been shown to alter the synthesis of 
other proteins in the embryonic chick [36,37] .  In our experi­
ments, the administration of 150 p.g of hydrocortisone- 2 1-phos­
phate at day 8 caused the aortas examined 24 hr later to 
decrease slightly in wet weight and to contain 10- 1 5% less DNA 
compared to the controls. The SDS polyacrylamide gel pattern 
of proteins synthesized by the treated aortae resembled that of 
normal 13- to 16-day aortas, rather than that of g-day embryos. 
The change appeared to be due to a relatively small increase in 
incorporation into the tropoelastin peak and a larger decrease 
in incorporation into all other proteins. Again the effect ap­
peared to be due to changes in the relative level of elastin 
mRNA (Table III ) .  Whether these hormonally induced changes 
reflect mechanisms operative during normal development re­
mains to be determined. 
The 24 S elastin mRNA that we have detected corresponds 
to about 3.5 kilo bases. Since the primary translation product of 
elastin mRNA has a molecular weight of about 72,000 (corre­
sponding to about 830 amino acid residues) ,  approximately 
1 ,000 nucleotides of the mRNA are untranslated. If, as seems 
likely, most of these untranslated nucleotides are located at the 
:r end, this region is of considerable length and comparable in 
size to the largest region of 637 nucleotides previously described 
in ovalbumin mRNA [38] . The function if any, of these large 
untranslated sequences is unknown . Considerably larger cDNA 
clones will, therefore, be required in order to sequence the 
cDNA corresponding to the translated region. 
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